The present paper examined following issues with respect to India's ICT sector;
We have argued that the international competitiveness and credibility, if any, that the ICT and software service sector has been able to establish over the years have not fallen like" manna from the heaven" or the handiwork of prophet of market. We have also made a critical examination of the available database on the Indian ICT and software services industry. We found that the process of the withdrawal of the state from almost al economic activities has also included data generation and distribution. As result we are ending up in a situation where the most widely used data base is the one supplied by the NASSCOM. Yet this data base involves substantial overestimation of exports.
The innovative behavior of firms under export orientation has been one wherein firms have depended heavily of collaboration with foreign firms. Similar to exports, there has been very high regional concentration w ith the US accounting for about 50 per cent of total number of foreign collaborations and FDI. While the NRIs accounted for over 17 per cent of the number collaborations, their share in total FDI was negligible and therefore the potential is yet to be tapped fully. It was observed that the R&D intensity has been negligible and not recorded any marked increase. It was also found that the recent trend in the terms of collaboration is one wherein the royalty rates are higher for sales in the domestic market as compared to export markets. Thus there appears to be a tendency for foreign collaboration to erect entry barriers for our firms to enter our own market.
As a result, h igher growth rates in total exports notwithstanding, there have been substantial imports associated with software exports. Our study observed that the net export earning is not more than 55 per cent of gross exports. It has also been observed that the present structure of exports is one wherein software service sub-sector dominates and the share of software products is not only almost negligible but even that has shown a marginal decline in recent years. The higher import intensity as well as lower earning per employee (as compared to other competing countries) has been attributed the nature of export demand emanating from the OECD countries, particularly the USA and the innovative behavior of the firms.
The results of our analysis of the determinants of innovative performance using cross section data has been highly revealing. None of the variables, except import intensity, specified in the model to represent export orientation is found to have any positive influence on the innovative performance of firms. More importantly, the estimated model has shown that export intensity, if any, h as a dampening effect on the innovative performance of firms. This finding tends to underscore the need to recognize the complementary role of the domestic market in export promotion and greater integration of domestic and export production and sales.
Introduction
By enhancing the access to information and by augmenting the process of information exchange, Information and Communication Technologies (ICTs) offers enormous opportunities for growth, productivity enhancement and efficiency improvement, in all spheres of h uman activity. Unfortunately, however, the fruits of this ubiquitous technology are very unevenly distributed across different countries. On the one hand, we have a few countries like the USA with high levels of IT diffusion (about 400 computers per 100 of population) wherein IT contributes significantly to GDP 2 . At the other extreme are a number of developing countries, where extent of IT diffusion remains at very low levels 3 .
The observed "digital divide" is best summarized by the fact that "more than half of humanity has never made a phone call" 4 It may, therefore, appear paradoxical that in an era of "digital divide" India enjoys enormous comparative advantage in the export of ICT software and services. Going by the available statistics, during the last decade ICT software and service export from India recorded annual compound growth rates of the order of 60 per cent in rupee terms (at current prices) and around 45 per cent in dollar terms. The economic and management literature in scholarly journals as also the trade literature indicates that the comparative advantage of our ICT firms has been in on-site export of services and related customized software development (Arora and Asundi, 1999) . The literature laments that very few well-known software products or proprietary software packages have been developed by our firms and put on the international market. Moreover, even in the case of ICT software and services the focus of Indian firms has mostly been at the lowest end of the value chain. They largely carryout low level design, coding and maintenance (Kattuman and Iyer 2001) and often mere computerization of analogue data eg,. Medical records.
As a result, the revenue per employee in the conventional private sector IT firms ($ 16,000 in 1999) was found to be only about one-tenth that of Israel of and one-fourth of even Ireland (Arora et al 2000) . Moreover, and particularly crucially, the net export earning has been only of the order of 50 per cent of the gross FOB value of total exports of software and services (Joseph and Harilal 2001) . To sustain and increase gross export earnings and to raise the net export earning it is imperative that the industry goes up the value chain and progressively increases domestic development with a focus not only on software products but also on systems. There is also a need to provide both local and foreign customers with total solutions including installation and commissioning of hardware and software as also warranty post warranty maintenance and upgrades. This in turn calls for a complete change in the current approach of the ICT industry of competing on the basis of pure "cost advantage" to one based on "innovative capacity" and total solutions.
What the formal literature fails to capture at all is the range of complex (often state-of-theart) software packages developed and successfully used in the domestic market. These encompass both stand-alone application packages and packages forming parts of complete systems (both off-line and on-line systems) and many of these systems incorporating such software packages have also been exported. Some examples of these are set out below.
What is significant about such exports is that they have originated almost entirely from public sector companies or public sector R & D institutions. They have been in frontier areas of IT applications e.g. major port automation, and management of international games and telecommunications -both switching and transmission. The paper comes out with strategies to be adopted to achieve greater diversification in terms of export destination, product structure and higher value addition. The paper also underlines the imperative and urgent need for exploiting the domestic market which, has been and continues to be much larger than incorrectly assessed hither to, particularly for ICT systems in core sectors of economy such as steel power, oil, coal, cement telecom, railways etc.
The paper is organized in the following sections.
In the second section we analyze the policy measures and institutional interventions made by the government towards the development of ICT in general and the software sector in particular. The third section presents a critical examination of the different databases on Indian ICT and software and services industry and presents the data used in the study. The fourth section analyses the innovative behavior of firms and the fifth section carries out it an analysis of the determinants of innovative performance under the strong export oriented regime. Against this background we analyze the structure and growth performance of the ICT and software services sector in the last decade (section 6). This is followed by the last section wherein we highlight the major findings and present a perspective for the future
State Initiatives in the ICT Software and Services Sector
There is a point of view, prevalent at least in some quarters, that the dynamism in the export of ICT software and service sector is an outcome of the "benign neglect" rather than active strategic support by the State ( Kattuman and Iyer 2001) . To test the veracity of such argument and more importantly to place the forthcoming discussion in a proper perspective we begin with an overview of the various state initiatives towards the development of IT software and services in the country. These initiatives ranged from a series of policy measures to active institutional interventions.
Policy Measures
Contrary to popular and scholarly perceptions and analysis, the importance of promoting software development, particularly f or export, had been recognized by the erstwhile Department of Electronics and suitable policies and programs were put in place as far back as 1972. An important element of the policy was permitting import of computer systems on a custom duty free basis and with out reference to indigenous angle clearance provided the computer importing companies signed a bond that it would export twice the cif value of imported computers within a specified period. Another element of that policy was encouraging 100% foreign owned companies to set up software export operations provided under the Department of Electronics (DoE). Imports of inputs needed for software development were made more liberal. However, the policy also emphasized that "Effective software export promotion on a sustained basis can be effective in the long run only if it is planned as a part of an overall software promotion scheme covering both export and internal requirements including import substitution. Also planning for software development is integrally connected with the plan for hardware development and system engineering" (Government of India 1985) Further the policy enunciated that , " The Department of Electronics will set up an extensive research, design and development facility. This organization will be given "special encouragement" to not only develop know-how through indigenous efforts but also import know-how on a centralized basis where found advantageous and absorb as well as improve on this know-how on a continuous basis. This organization would cumulate a standardized menu of know-how for making them available to interested users and entrepreneurs" (ibid)
After the computer policy was announced on 19, November 1984, the computer production in the country went up by almost 100% in physical terms and 65% in monitory terms with in an year. During the same period the average value added increased by about 15%. This accelerated growth of computer industry has posed numerous problems for the software activities calling for a rationalization of the policy for import and manufacture of software and using this base for promoting software exports. At the same time, world trade in computers was expected to be of the order of US & 100 billion by 1990 where in more than half was estimated as software. The seventh plan had a software export target of US $ 300 million accounting for about 0.6 per cent of the world trade in software. Against this background, there was the felt need for more concrete policies towards the promotion of software development and export. Accordingly in 1986 an explicit software policy was announced and software was identified as one of the key sectors in India's agenda for export promotion. The policy underlined the importance of an integrated development of software for the domestic and export markets (Government of India 1986). The policy had the following specific objectives; Ø To promote software exports to a take a quantum jump and capture sizeable share in international software market Ø To promote the integrated development of software in the country for domestic as well as export markets.
Ø To simplify the existing procedures to enable the software industry to grow to a faster pace.
Ø To establish a strong base of software industry in the country.
Ø To promote the use of computer as a tool for decision making and to increase work efficiency and to promote appropriate applications which are of development catalyzing nature with due regard to long term benefit of computerization to the country as a whole.
To facilitate the stated objectives, the policy emphasized the need for simplifying the existing procedures pertaining to all the aspects of software development and production for both domestic and export markets and provided various commercial incentives to ICT software service sector firms like tax holidays, tax exemption on the income from software exports, export subsidies, and duty free import of hardware and software for 100% export purposes.
With the initiation of economic reforms in the early 1990s an assessment was made by the finance ministry that apart from the general orientation of all industries towards export markets, our comparative advantage in the IT sector was i n the software and not in the hardware. Therefore, a major thrust was consciously given to software exports. A detailed comparative analysis of the policies initiated by different state government against the backdrop of the national policies would be highly rewarding, but it falls beyond the scope of the present paper and reserved for future work. For the details of policies enacted by different state governments the interested reader may visit the home page www. Nasscom. org 10 The task forces include, the national Taskforce on IT, Task force on Human Resource Development for IT, Task force on Knowledge Society and the National Advisory Committee on IT comprising of the Chief Executives of leading IT companies.
11 A Software Technology Park (STP) in all respects is similar to a free trade zone exclusively for the software. The specific objectives of the STPs are :
• To establish and manage the infrastructural resources such as data communication facilities, core computer facilities, built up space, common amenities, etc.
• To provide services (import certification, software valuation, project approvals, etc.) to the users who undertake software development for export purposes.
• To promote development and export of software and software services through technology assessments, market analysis, marketing support, etc.
• To train professionals and to encourage design and development in the field of software technology and software engineering (Government of India 1995) Gandhinagar, Trivandrum and Hyderabad 12 . As of now there are 18 software technology parks set up in different parts of the country and they play a significant role in the export of software from the country. The infrastructure facilities available in these STPs included, among other things, modern computers and communication network which are beyond the reach of individual firms. The STPs also envisage a transparent policy environment and a package of concessions, which include among others;
Ø Approvals are given under the "single window clearance" mechanism and permission of 100 per cent foreign equity. Ø The STP authorities issue approvals for projects costing Rs.30 millions or less with no foreign equity participation.
Ø Units are eligible for 5 years tax holiday with no value addition norms.
Ø All the imports are completely duty free while the domestic purchases are eligible for benefit of deemed exports. Ø Sub contracting of software development activity by STP is permitted and sales in DTA is permissible up to 25 percent of the export (Oberoi 1991 ).
In June 2000, an STP was set up in Silicon Valley, composed of a Business Support Centre and an India Infotech Centre, with a view to facilitate software export by small and medium firms to US 13 . The center also fosters business relationships by providing access to financial institutions in the US, Venture capital funds and specialized trade bodies to promote partnerships and strategic alliances between the US and Indian ICT software and service companies.
Measures to address Manpower Bottleneck
While the policy measures and the setting up of the STPs have led to a substantial increase in the investment for ICT software and service exports (Ventakesh 1995) , the supply of technical manpower appeared to be a major constraint (Schware 1987 , Sen 1995 . Software development is a skill intensive activity albeit the intensity of skill requirement varies across different activities involved in software production. The development of software involves broadly the following stages; requirement specification, prototyping, designing, coding, testing and maintenance. While the first few stages call for highly skilled manpower, the skill requirement is relatively low in the later stages (Schware 1987) . But what seems to have been missed out in the obsessively export oriented strategy pursued with 90's is a concerted effort to diffuse and apply what one might call the "New IT" ( i.e.
PC & Server and Portal based IT) into core sectors of the domestic economy so as to reap the fruits of this powerful technology for e nhancing safely, quality, productivity, competitiveness and growth. Thus, it appears that under the influence of strong export demand for low end ICT and software services generated by the OECD countries and particularly USA , the role of our own huge domestic market -both to meet domestic needs and avoid needless imports -as a springboard for export seems to have been discounted by policy makers, industry, industry associations like NASSCOM and the media. At the same time, there appears to have been h ardly any attempt towards enhancing the innovative capability of software firms so that they could move up in the software value chain even in the export arena.
In the light of the forgoing discussion the following issues arise; What has been the nature of innovative behavior of firms under export orientation and what are the determinants of innovative performance? What has been the structure and growth of the ICT software and services sectors that has emerged as an outcome of the commercial behavior of our firms in this sector during the export oriented growth strategy? An inquiry into these issues calls for a detailed empirical analysis of the innovative behavior of the firms on the one hand and the structure and growth of ICT software and the service exports on the other. Before getting into these issues let us briefly deal with the data-base on ICT and software services sector.
Data Base on ICT Software and Services Industry
In this paper our analysis is based on following firm-level data bases: NASSCOM (National RBI provides i mport data on both hardware and software, it is of limited use for the present paper, where we are interested in assessing the import intensity of ICT software and service export. This is because, import of hardware and software as reported by the RBI refers to the economy as whole and it cannot be fully attributed to software exports. There is substantial import of hardware associated with software export, which cannot be isolated from the RBI data. Here again it may be noted that there could be a certain extent of underestimation because RBI data do not take into account import of software embodied in capital goods.
Therefore, to arrive at the import intensity and net export earning, there is hardly any option but to make use of the firm level data.
Such firm level data is provided by NASSCOM and CMIE. The NASSCOM provides quantitative firm level data on the following; software revenue, software export, software employment, other employment and the year of incorporation. The CMIE data is much wider in scope. It provides all the data available in the profit and loss account of the company. In addition, it also includes data on technology payments, R&D expenditure, extent of foreign equity participation etc. While the CMIE data is more exhaustive in terms of information, it covers only public limited companies. Another problem with the CMIE data is that it does not provide any information on employment. The coverage of the NASSCOM data is claimed to be much higher. It has been stated that as on 31 st August 1999, 545 IT software and service companies were members of NASSOCM. Also currently the combined revenue of NASSCOM member companies constitute almost 95 per cent of the revenue (and export) of the software industry in India. Given the differential coverage of these two data sets it appears that by merging them we could make a new data set which could be effectively used to address many issues pertaining to the ICT and software and service industry. Before presenting the details of the new data, which we have generated by merging the two data sets, it may be appropriate to highlight some of the important findings that emerged from a comparative analysis of these two data sources. To begin with, the claim that NASSCOM data accounts for 95 per cent of the total revenue and exports appears to be far from the reality. This is because, there are a number of firms with substantial exports, which are not included in NASSCOM data but are reported in CMIE (see table 3 ). The number of such firms increased from 65 in 1997-98 to 94 in 1998-99. More over, such firms accounted for 7 per cent of exports as reported by NASSCOM in 1997-98, which increased, to about 10 per cent in 1998-99. If the data presented in Table 3 is any indication there is ample reason to doubt the coverage of NASSCOM data which, has been extensively used in the discussion on IT software and service exports. From the above data one may be tempted to conclude that the NASSCOM data is underestimate. To check this proposition we have compared the data on exports for those forms for which data is available in both data sets. By merging both data set we get a new one which has been used in most of the analysis that follows. In the new data set, while we use the employment data of NASSCOM other variables are as reported by CMIE. The summary of the major variables is presented in table 5. In the new data set we have 112 firms. The men export of the sample is found to be Rs 33 crores whereas the mean import is of the order of Rs 15 crores. The table also provides details on other variables like employment, gross fixed assets etc.
Innovative Behavior under Export Orientation
The role of innovation in sustaining long term competitiveness and growth in the context of a dynamic and technology intensive sector like ICT software and services cannot be overemphasized. it is also likely that our industry draw on such NRIs to improve their innovative capacity 15 . In the discussion that follows we examine some of the components of innovative effort in the context of ICT software and services.
Technology Import
Our analysis of technology import is based on the DSIR data set on foreign collaborations in India. At the out-set it may be noted that the DSIR database provides information on foreign collaboration approvals and not the actual. Therefore, the conclusions drawn may be treated as indicative.
It is found that the number of foreign collaborations in the ICT software and service table 6 ).
In terms of the country-wise distribution the USA today accounts for over 40 per cent of the collaborations (Table 7) . It may be noted that the share of the USA in all foreign collaboration in India in 1991 was only about 20 per cent. The higher share of the USA 15 The case of the Government of India drawing back home, the leading telecom engineer Satyen G. Pitroda from his telecom company in Chicago, USA to act as adviser to the newly created Centre for Development of Telematics (C -DOT) wholly funded by the Govt. of India to design, development field test and evaluate and then transfer to some 15 telecom companies, the complete technology for a whole range of state-of -the art digital electronic switches exchanges with capacities ranging from 128 line Rural Automatic Exchanges (RAX) to 40,000 line internationally competitive MAX Exchanges for Metropolitan areas is a classic case of major success involving an NRI in the high-tech area of telecom. See for details Meemamsi (1993) points to the fact that the high regional concentration is confined not only to export but also in terms of import of technology and capital for the ICT software and services sector. However, such an analysis purely in terms of the number of foreign collaborations, has severe limitations. Hence, let us look at the extent of equity participation by the NRIs.
While NRIs accounted for a substantial n umber of collaborations, their share in the total foreign direct investment still remains negligible (Table 8) . Hence, while the NRIs have the immense potential to help boosting our ICT software and service sector, this source is yet to be tapped fully. If the experience of China, which has been successful in attracting substantial investment from the overseas Chinese, is any indication an inquiry into the ways and means of promoting investment and technology flows from NRIs is bound to provide rich dividends. As for the total, inflow of FDI into this sector during the decade has been highly dynamic; rising from a little over Rs 42 million in 1991 to over Rs13,000 Million in 1999. As in the case of the number of foreign collaborations, the USA accounts for over 47 per cent of the total FDI in the ICT software and services in 1999 (Table 8) .
As we have already stated, given the obsessively export oriented growth strategy adopted in the 1990's by the GOI, restrictions on the inflow of FDI as well as the extent of foreign equity participation has almost been done away with. Hence it may interesting to examine extent of foreign control that has been built up over the decade. 1999.
An interesting aspect of foreign technology transfer (collaborations) agreements concluded over the 1990s in the ICT software and service sector relates to the terms under which collaborations were entered into. Unlike other industries, the incidence of royalty and lumpsum payments has been found to be minimal and over time the share of cases involving neither royalty nor lumpsum has i ncreased (See table 10 ). This has to be viewed against the backdrop of the increasing credibility that the Indian ICT software and service sector established over the years. However, what is intriguing to note is that unlike the common practice wherein the royalty rate is higher for exports than domestic sales, in the case of ICT software and services we find that the royalty rate in most cases is higher for sale in the domestic market. (Details of such foreign collaboration agreements approved in 1999 are given in Table 11 ) We have not been able to find a satisfactory explanation to this phenomenon. However, as this is the first case that we have come across such "inverted" royalty rates (higher rates for the domestic sales and lower rates for exports) we p ropose to investigate this matter further in our future research. In the meanwhile, we are inclined to infer that as of now, the foreign firms, in their attempt to enter India's large domestic market, are using licensing agreements as means of erecting e ntry barriers for our firms from entering our domestic market. This, indeed, leaves much room for concern, particularly in the current context wherein there is the imperative to develop and exploit the domestic market.
In-house R&D Effort
Now let us turn to the other side of the coin ie. the in-house research and development efforts by the firms. In a skill intensive sector like IT software and services, it is likely that many of the firms may be carrying out R&D as an important normal activity even if there is no division designated exclusively for R&D. But given the fact some of the firms engaged in value added services and development of software products like Infosys, Tata
Infotech, Satyam etc have reported R&D expenditure, it may be instructive to examine the extent of R&D activity so that some inferences, though tentative, may be drawn.
To examine the R&D activity of firms we have made use of the CMIE database. Table   12 table 12 ). Hence, on the basis of the available evidence we are inclined to infer that the export orientated strategy has not been conducive to induce the firms to invest in research and development. This perhaps point towards the nature and composition of demand wherein the task assigned to the Indian firms by the foreign counterparts were not the ones that called for any R&D effort.
Academia -ICT Industry Partnerships
Traditionally, industry in general has had low levels of interaction with academia in India compared to that in the highly industrialized countries. However, the new economic policy of 1991, which emphasized competition and globalization and which has accelerated over the 90's, and the progressive devaluation of the rupee, has made securing foreign technical and knowledge inputs (particularly technology in disembodied form and technical services) progressively more and more expensive for industry.
Concurrently, Government policy has placed increasing emphasis on academic institutions earning higher and higher shares of their financial needs through contract research, training etc from industry. These two factors have led to growing academiaindustry collaboration and partnerships particularly during the second half of the 90's.
The ICT software and services sector had been among the lead sectors in this trend. It is using academic institution faculty as consultants, placing R&D contracts on those institutions and using them for specialized training. The respective roles of the two types of actors have been broadly along the following lines :
Educational Institutions:
• Increase industrial awareness among students through faculty and the nature and content of the curriculum.
• Allocate appropriate resources, especially faculty and students, to make the partnership effective.
• Provide a platform in the academic environment for industry as spokesperson.
• Realize the results of projects and investigate research problems perceived by industry.
Industry
• Recognize and allocate resources for providing inputs to academic institutions, especially subject matter experts in technologies and domains, hardware / software infrastructure, books and periodicals that will be needed to make the partnership effective.
• Identify senior corporate mangers and subject matter experts to teach on sabbatical in academic institutions.
• Develop programmes for faculty especially in new and emerging technologies.
• Invite faculty members for relevant knowledge sharing sessions / training programmes conducted in-house in industry.
• Provide all possible help during curriculum and syllabus development, mainly relating to advanced technologies.
While no formal study on the precise number of such partnerships is available, there is considerable circumstantial evidence that it is occurring across a broad front. For example, the major telecom and computer group Bharati Telecom has become the first 
Innovative Performance under Export Orientation: An Empirical Analysis
In this section we deal with one of the basic issues addressed in this paper; has the export oriented growth strategy been instrumental in enhancing the innovative performance of the ICT and software service industry? It has been argued that liberal economic policies associated with export orientation facilitates technological advancement and hence faster growth of output Studies on the dynamic effects of technological change, learning and growth have generally taken three different approaches; firm level case studies [eg. Lall (1987) for India and Katz (1987) for Latin America], cross industry studies [eg. Subrahmanian (1988) Katrak (1989) , Deolalikar and Evenson (1989) Sidharthan (1988)] and cross country studies 16 . While the literature in this area is enormous and still growing, Rodrik (1995) states that the analytical foundations of most studies have been too ambiguous and the preferred method of proof ranges from casual appeal to common sense.
Yet, we are living in a world wherein export oriented policies have been religiously pursued as a panacea to most problems being faced by the developing world even in the case of big 16 Here the reference is to the growing number of studies carried out in the framework of endogenous growth models.
emerging markets (BEMs) such as India and China. In this context, the relevance of an empirical verification of the issue raised above cannot be over emphasized.
As a primary step towards the empirical analysis we have to address the issue of defining innovative performance. It has been generally acknowledged in the literature that t he primary manifestation of innovative performance is the improvement in productivity.
Productivity could be defined either in terms of partial productivity (output per unit of any of the inputs like labor or capital) or total factor productivity. In the present paper,
given the human capital intensive nature of the process involved, we measure innovative performance in terms of labor productivity (output per unit of labour employed).
The influence of export oriented strategy is measured in terms of the following variables.
• Export intensity, measured in terms of the proportion of output that is exported
• Import intensity, measured in terms of the ratio of total imports to sales
• Foreign collaboration dummy which takes the value one for those firms having foreign collaboration and zero for those having no foreign collaboration and • MNC dummy which, takes the value one if foreign equity share is more than 10 per cent and zero other wise. (This in tune with IMF classification)
Going by the neo-liberal theories, all these variables are hypothesised to have a positive effect on innovative performance. In terms of the theoretical premises of the StructureConduct-Performance paradigm, innovative performance (labour productivity) is however, affected by a number of other firm specific, industry specific and economy wide factors. Given the fact that we are dealing with a cross section of firms operating in one specific industry, the industry specific and economy wide factors are assumed to be the same for all the firms and, therefore, not taken in to account in our analysis. What follows is a brief description of other firm-specific factors incorporated in the analysis.
In the case of conventional industries, firm size, measured by the gross fixed assets of the firms is generally hypothesized to have a positive influence on innovative performance. This is on account of the possible economies of scale associated with these industries.
Given the techno-economic characteristics of new high-tech industries like I CT and software services, biotechnology etc. it may be possible that size may bot have a major bearing on the innovative performance. Hence we hypothesize that the relationship between innovative performance and size could be either negative or positive. To test for the existence of any non-linear relationship we have also included a square term in the estimated model.
Role of R&D in influencing innovative performance is too obvious. Therefore, we have also incorporated R&D intensity (R&D as a proportion of sales) in the model. In a skill intensive industry like IT software and services, one could postulate a positive relationship between innovative performance and the skill profile of the firms. However, the available data set does not permit us to define skill profile in a precise manner in terms of the academic qualifications and experience of the employees. Given the available data set we measure the ratio of software employees to total employees as a proxy for skill intensity. We hypothesize a positive relationship between innovative performance and skill intensity. We have also included the age of the firms to discern the possible effect of accumulated experience. Finally, we have incorporated the ratio of selling cost to sales to highlight the influence of sales effort.
The influence of different variables identified above has been empirically verified using the following regression equation. Productivity = a 0 + a 1 export Intensity + a 2 import Intensity + a 3 colldum +a 4 mncdum + a 5 size + a 6 size 2 a 7 skill + a 8 sellingcost + a 9 age + error term.
The above regression equation has been estimated by using the new data set that we have developed by merging the NASSCOM and CMIE data set for the year 1997-98 and 1998-99. (Arora and Asundi, 1999) . Here again, the focus of the Indian firms are at the lower end of the value chain and carries out low design, coding and maintenance. (Kattuman and Iyer 2001) . Thus our ICT and software services sector competes primarily on cost advantage with very limited innovation capacity (Mahajan (2000) . As a result, in 1999 the revenue per employee in out ICT software and services industry is estimated to be only of the order of $16,000. Whereas, the comparable figures are almost ten times higher for Israel ($ 150,000) and more than four times ($70,000) for Ireland! (Arrora et al 1999) The empirical evidence, therefore, points towards the need for greater focus on the domestic market to promote innovative performance of our ICT software and service industry where opportunities for much higher revenue per employee exists but are being harvested in major systems contracts by CMC on the railway passenger reservation systems and railway freight operation information systems.
Results of the model
Among the other variables incorporated to reflect on the influence of export oriented growth strategy, import intensity is found to have a statistically significant positive sign.
This point towards the fact that as of now, those firms with better innovation record are also having high import intensity. The coefficient of MNC dummy has a negative sign but is not statistically significant. Similarly, the coefficient of collaboration dummies though positive not statistically significant. Both these findings point towards the fact that greater foreign participation or technology import is not likely to have any significant bearing on the innovation performance of our ICT software and service firms.
Among the firm specific v ariables, only size and selling cost turned out to be significant.
The statistically significant positive sign of size point towards the scale factor in promoting innovative performance. The negative influence of selling cost has to be viewed against the c urrent structure of exports wherein software services especially onsite services dominates. Selling cost is relevant only in the case of software products. It has been noted that in the case of high value-added software products, large multinational companies dominate the market and they spend up to 60-65 per cent of the price component of packages on marketing and distribution (Kumar 2001) .
The estimated model also shows that age does not have any significant influence on the innovative performance. It is surprising to note that the estimated coefficient of skill is negative (though not statistically significant). This probably reflects that fact that the nature of data that we had was not sufficient to capture the skill profile in a precise manner. Till such a detailed analysis is carried out any firm conclusion is not warranted.
The coefficient of R&D intensity also turned out to be not statistically not significant.
This, as we have already seen, has to be viewed against the fact that there are only a very few firms engaged in R&D and even their R&D intensity is not very high.
Structure and Growth of ICT Software and Service Exports
In this section we shall analyze the structure and growth performance of ICT software and services exports during the last decade wherein the industry operated under strong export orientation. Conceptually, software export is amenable to analysis in the framework of trade in services. Unlike the trade in goods, trade in services could be carried out in different ways. In the literature on trade in services (Sampson and Snape 1985, Nayyar 1988 ), we find mainly four different modes of service export; viz. Ø trade taking place with the movement of provider to the receiver, Ø trade wherein the receiver is mobile not the provider, Ø movements of neither the provider nor the receiver is involved and Ø transactions wherein both the provider and the receiver move.
Trade in ICT software and services, which is akin to service trade, is carried out mainly through; (1) on-site services (2) offshore services and (3) offshore products and packages, the underlying distinction between them being the movement of provider and the receiver involved. Let us now briefly deal with each of them in some detail for it is important in understanding India's export performance in ICT software and services.
On site services, popularly known in the industry circles as "body-shopping" occurs when the factors move to the site of the receiver. In its extreme form this occurs when software manpower is exported to help solving the users' software related problems. Here, the firms actually export the manpower and need not necessarily have the complete understanding of the user requirements. It could also take the form of undertaking the task of software development to solve specific problems. The development and execution of the software will be done on-site. Under this mode of export, it has been argued that the net export earning will be substantially less than the total export earning because a part of the foreign exchange earned will have to be spent in the importing country itself (Heeks 1996) .
The second mode of ICT software and service export is offshore services. This involves limited movement of both the factor and the receivers. The software i s developed offshore according to the specified requirements and exported to the users. This method could be cost effective because the software development process is carried out in the domestic country.
At the same time, this calls for more investments in the form of hardware and communication network. The third mode of export is offshore packages or software product development. Here, neither the factor nor the receiver of the service moves. This is also highly capital and labour intensive. Additionally, there is also the need for a incurring substantial marketing cost. Nonetheless, the net export earning will be higher in this mode of export as compared to others. On the whole, it appears that the extent of net export earning and domestic value addition depends to a great extent on the structure of export. Hence, one of the major objectives of India's policies towards IT software and service exports has been to increase the offshore component.
Structure of ICT Software and Service Exports
The structure of exports in the early 1990s has been one wherein the software services (developed mostly on-site) accounted for about 80 per cent of total software exports with hardly any presence in the software products. As a result of the series of policy initiatives, the share of on site services has come down from over 80 per cent in the early 1990s to to about 58 per cent in 1999. Another aspect of India's ICT software and service exports relates to the fact that India's presence in the fastest growing segment viz. the software packages (or software products) is negligible. As per the NASSCOM data the share of products has come down from about 9.5 per cent in 1995 to less than 8 per cent in 1999   (see table 15 ). This tends to indicate that the technological change in the Indian ICT software and service is yet to reach a stage as where in the services splinter-off from the factor. Software products are considered high value adding as compared to services. The hesitation of the firms to go in for software products also could be seen in the context of the widespread software piracy in the domestic market. It has been said that software piracy has forced some of the companies out of the domestic packaged software market. The magnitude of the problem is illustrated by an estimate from Lotus Development
Corporation, that of 150,000 copies of Lotus 1-2-3 in India, 140,000 have been pirated.
Companies that developed microcomputer based products for word processing, data base management and accounting found selling their products in India practically impossible because of the piracy (Schware 1992) 17 . While software piracy would have played its role, the role of the nature of export demand also need to be reckon with. Another aspect of the structure of exports relates to regional concentration. It may be noted that over 60 per cent of the total exports is to a single country (USA). The implications of such high regional concentration are now being felt with the down turn in the US economy. Given the present structure, let us now examine the trend in exports.
Export Performance
For the present paper, we shall begin with an analysis of export trends based on NASSCOM data. The issue of net export earning is then taken up using firm level data. Table 16 presents data on export earning as reported by NASSCOM 18 , an often quoted data source on exports. We have presented export earning in both dollars and rupees for the data is in current prices 19 . By comparing the export in rupee and dollar terms cone could reflect on the possible effect of devaluation. From the data presented in table 16 following observations may be made 20 . To begin with, the recorded rate of growth in exports, (over 50 per cent in the sub periods as well as for the whole period) both in rupees and dollars, is almost unprecedented in any other sectors of Indian economy. Secondly, There is a wide margin between the recorded rate of growth in terms of rupees and dollars which reflects the possible effect of devaluation of Indian rupee vis a vis US dollar. Thirdly, the observed difference between rate of growth in terms of Indian rupee and the US dollar (exchange rate effect) comes down as we move from the early part of the 1990s to closing years. This, probably, point towards the reduced role of devaluation in sustaining the export growth.
The phenomenal increase in the export growth has to be viewed, i nteralia, in terms of the growing world demand, comparative advantage that India has on account of the highly skilled, English speaking manpower at relatively low cost (see table 17 ) and the time difference between India and US, which still continues to be the major export market for India. While the cost of ICT and software manpower in India is much less as compared to the developed economies, it is much higher as compared the prevailing wage rate in other sectors in India. More importantly, the salaries of software personnel have been growing at a 18 It may be noted that data provided by the Ministry of Information Technology and NASSCOM are highly comparable. NASSCOM data is compiled from the firm level data. As of 1999, 545 software and service companies were having membership of NASSCOM and these companies accounted for about 95 per cent of the revenue of software industry in India. It is claimed that there is hardly any software company in India, which employs more than 20 professionals and is not a member of NASSCOM. 19 It would have been ideal to convert the export earning in to constant prices. In absence of an appropriate deflator we are forced to carry out the analysis at current prices.
rate of 25-30 per cent per annum (Kumar 2001) . This has to be viewed against the backdrop of growing world demand on the one hand and excess demand for software personnel on the other.
Import Intensity
Now let us examine the trend in net export earning as revealed from the CMIE data, the only source from which reliable import data is available. At the outset it needs to be noted that argument of net export earning should not be stretched too far because our analysis is based only on a sample firms. Secondly, from a macroeconomic perspective it is not necessary that each sector is an economy is a net export earner. Table 18 presents the details of number of firms as well as their mean export and import. On the basis of our discussion on the coverage of CMIE data this data may be considered as representative. From the table it is also evident that the total export from the sample of firms increased from Rs 124 crores in 1992-93 to over Rs 3400 crores in 1998-99. At the same the imports also recorded a commensurate increase. The result has been that the import per rupee of exports remained around 60 paise till 1996-97. Though there has been a decline in the import intensity after 1996-97, it is too early to say if it marks the beginning of a trend. Nonetheless, even today, the import intensity is as high is 44 per cent, which has hardly been noted by the existing studies. If the data presented in table 18 is any indication one could safely conclude that, the recent decline in import intensity notwithstanding, the net export earning from India's software export is not more than 55 per cent of the gross exports.
Conclusion: Towards a Perspective
Given the manifold ways, in which information technology could contribute to human welfare, the developing countries have invested in Information and Communication
Technologies as a short cut to prosperity (UNDP 1997 , World Bank 1999 . India is, infact, one of the pioneering developing countries to undertake a series of initiatives to promote the ICT software and services sector. These efforts seem to have paid rich dividend in terms of the sector emerging as one of the vibrant c omponents in India's export basket and accounting for as high as 14 per cent of our total exports. Moreover
India has been able to establish credibility in international ICT markets which appears unique when compared to most of other items in our export basket. Given the fact that innovative capacity is a key factor in not only sustaining but taking our comparative We have argued that the international competitiveness and credibility, if any, that the ICT and software service sector has been able to establish over the years have not fallen like" manna from the heaven" or the handiwork of prophet of market. As A K Sen puts in the context of South Korean performance in the 1970's "if this is a free market, then Walras's auctioneer can be surely be seen as going round with a government white paper in the one had and a whip in the other". The point that we make is; the series of state initiatives have had played an important role in the Indian ICT software and services sector. The policy measures and the other initiatives made in the 1990's have been overtly export oriented and the role of the domestic market as a springboard for export seems to have not received adequate attention. Moreover, there appears to have been hardly any attempt towards enhancing the innovative capability of the firms so that they could move up the software value chain.
We have also made a critical examination of the available database on the Indian ICT and software services industry. We found that the process of the withdrawal of the state from almost al economic activities has also included data generation and distribution. As result we are ending up in a situation where the most widely used data base is the one supplied by the NASSCOM and even the state tends to depend on it. Yet this data base involves bound to provide rich dividends. It was also found that the recent trend in the terms of collaboration is one wherein the royalty rates are higher for sales in the domestic market as compared to export markets. Thus there appears to be a tendency for foreign collaboration to erect entry barriers for our firms to enter our own market. At the same time, going by the available information, there is a growing interface between the ICT software and service sector and the academia, which is expected to earn rich dividends in the near future.
The observed innovative behavior of firms shaped under the export oriented policy regime has had its implication not only on the structure of exports but also on the net export earning capability of the industry. Higher growth rates in total exports notwithstanding, there have been substantial imports associated with software exports. Our study observed that the net export earning has been substantially lower and not more than 55 per cent of gross exports. It has also been observed that the present structure of exports is one wherein software service sub-sector dominates and the share of software products is not only almost negligible but even that has shown a marginal decline in recent years. The higher import intensity as well as lower earning per employee (as compared to other competing countries) has been attributed the nature of export demand emanating from the OECD countries, particularly the USA and the innovative behavior of the firms.
The results of our analysis of the determinants of innovative performance using cross section data has been highly revealing. None of the variables, except import intensity, What is more, these projects will lead to huge savings of foreign exchange -after all a USD saved is no different from a USD earned, and result in much higher value added per ICT professional. In addition, our ICT exports will be enabled to move rapidly towards high value products and systems, an objective we have been struggling to achieve throughout the 90's, but which we have largely failed to accomplish. This was because the kind of software and services ordered by US ICT Companies on our ICT companies were such as for the former keep the high value added segments / stages with themselves or at least in the USA. Total  1991  0  2  0  6  8  1992  4  18  0  14  36  1993  6  23  0  12  41  1995  10  39  0  26  75  1996  10  48  8  40  106  1997  11  51  11  58  131  1998  27  57  10  40  134  1999  45  106  25  86  262  Total  113  344  54  282 793 
